Introduction
Soon after World War II it came to be accepted in the United Kingdom that surgical operating rooms should be ventilated with filtered air at about 20 changes per hour and maintained at a positive pressure relative to their surroundings. The replacement of exhaust or window ventilation by positive-pressure ventilation was shown to cause a considerable reduction in the numbers of airborne bacteria. In some hospitals this (sometimes accompanied by other changes in aseptic practice) was associated with a fall in postoperative sepsis rates (Shooter et al. 1956 , Blowers et al. 1955 . Sequential comparisons of infection rates before and after some change in technique or design are unreliable, because other factors relevant to the incidence of infection may also have changed; but the experience of sporadic outbreaks associated with presence of a disperser who was in the theatre but not a member of the operating team (Sompolinsky et al. 1957 , Ayliffe & Collins 1967 confirm the potential importance of airborne infection, and make the reduction of airborne bacteria a rational objective, at least for 'high risk' operations.
If positive-pressure ventilation with 20 air changes per hour reduces the incidence of theatre infections, it is reasonable to suppose that more effective systems might give better results. The development of so-called 'laminar' (unidirectional) air flow systems in the early 1960s made it possible to put this hypothesis to the test. Operating rooms were designed in which 300 or more air changes per hour were obtained by recirculating the air through filters and introducing it either horizontally through a wall module on one side of the room, or downwards from such an air inlet overhead, thus producing a 'piston displacement' of air which led to extremely low numbers of airborne bacteria in the rooms (Coriell et al. 1968 , Whyte & Shaw 1971 ). Charnley's operating enclosure, in which an equally large input of filtered air is combined with the use of body-exhaust ventilated clothing by the surgical team, is an alternative way of achieving ultraclean air conditions. Charnley reported a progressively reduced sepsis rate in total hip-replacement operations (from 8.9 0 0 in 1960 to 0.9 0 0 in 1968), associated with a progressive reduction in airborne bacterial counts from 18 per cubic foot in 1960 to O. t per cubic foot in 1968 (Charnley & Eftekhar 1969) . More recently, even lower rates of sepsis have been reported (Niekerk & Charnley 1977) .
The reduction in numbers-of airborne bacteria was clearly due to increased and improved ventilation; but though it seemed likely that the fall in sepsis rate was also due (in part, at least) to these improvements in air supply, this assumption was open to question. Charnley had introduced a number of other improvements in technique through the years which also might have been effective in reducing the sepsis rate.' Further doubts arose from the fact that a number of surgeons not using ultraclean air systems in their operating rooms had reported sepsis rates after hip arthroplasty operations which were as low as those reported by Charnley (e.g. Fitzgerald et al. 1973 , Coventry et al. 1974 , and this has been confirmed recently (Fitzgerald et al. 1977) . By 1974 there was a widespread demand for ultraclean air installations in hospitals where total hip arthroplasties were being done; so it seemed desirable to carry out a controlled trial both of the Charnley system and of some of the other ultraclean'air systems, using conventional positive-pressure ventilation with 15-20 air changes per hour as the control.
The trial
In 1974 the Medical Research Council was approached by the Department of Health and Social Security for advice on the provision of ultraclean air theatres for high-risk patients. It was agreed that a controlled trial should be planned, with financial sUPP9rt from the Department, Since the average rate of deep infection after total hip-replacement operations, as judged from a survey of published reports at that time, might be as low as 2%, a large number of operations (about 7500) would be needed to provide statistically significant comparisons. This would be expected to involve at least 15 surgical teams over about 2} years. A multihospital trial was therefore essential. This number of operations should be sufficient to give an 80% chance of demonstrating, at the 99% level of significance, or a 90% chance of demonstrating, at the 95% level of significance, a reduction of I% in the incidence of deep infection (e.g. from 2% to 1%), or a reduction of2% in the incidence of superficial infection (e.g. from 5% to 3%). Three alternative answers might be forthcoming from such a study: (I) The infection rate after operation in conventionally-ventilated operating rooms is appreciable and significantly reduced when ultraclean air systems are used. (2) The infection rate is appreciable, but not significantly lower with ultraclean air. (3) The infection rate isvery low under the best circumstances with conventional ventilation, so that the effect of ultraclean air, if any, is too small to be demonstrable.
Ultraclean air installations would, in the view of our Working Party, be justified only if the first of these answers was given by the trial.
Plan oftrial
We approached a number of orthopaedic departments in Great Britain and, later, in Sweden where ultraclean systems were known to exist or to be due for installation, and where conventional positive-pressure ventilated theatres were also available. We asked the surgeons if they would be willing to join a multi-hospital study in which they would allocate, on a random basis, half oftheir patients who were to have total hip replacement operations to the ultracleanventilated theatre and half to the conventionally-ventilated theatre. Eventually we had the collaboration of 19 centres, 6 in the Southern Region (Bethnal Green, Hammersmith, The London, Northwich Park, Oxford, and St. Thomas' Hospital), 5 in the Midland Region (Birmingham, Chester, Oswestry, Nottingham and Sheffield), 4 in the Northern Region, (Aberdeen, Edinburgh, Glasgow and Stracathro) and 4 in Sweden (Huddinge, Lund, Malmo and Uppsala).
Types ofinstallation
A number of different ultraclean air systems are in use. Five hospitals use the Charnley system, three have walled 'laminar' downflow, two downflow without walls, three horizontal 'laminar' airflow, and three have Allander 'air curtains', used with body-exhaust-ventilated operating suits, whieh are also part of the Charnley system. In addition to the hospitals with these ultraclean air systems, there are three hospitals in which a Trexler ventilated surgical isolator is used (Trexler 1973) , Unlike the other types of enclosure, the isolator requires the surgeon to stand outside and to operate through glove ports; the method therefore provides protection not only against airborne contamination by means of an ultraclean air supply, but also against contact contamination by physically screening the patient from the environment and from the operating team.
Categories of inoestiqation
Hospitals in the trial have been divided into two categories: (I) S (i.e. sepsis-investigating) centres, which keep clinical records of alI wounds and bacteriological records of alI septic wounds, as welI as details about performance of the ventilation systems; and (2) SB (i.e. sepsisand-bacteriology-investigating) centres which, in addition to sepsis and the bacteriology of septic wounds, record the contamination of wounds by bacterial counts of wound washings, preoperative staphylococcal flora of nose and perineum in alI patients, and nasal carriage of Staphylococcus aureus by staff sampled at regular intervals. A research nurse is provided in both Sand SB centres, and SB centres also have the necessary microbiological assistance. The microbiological staff examine the wound-wash flora in a proportion of operations in both ultraclean and control theatres; they also examine, periodicalIy, the airborne bacterial flora in ultraclean and control theatres during use, both in their own centres and, sometimes, by arrangement, in the S centres in their Region. In the S centres the hospital microbiology department is not expected to do more than examine the microflora of established infection.
Recording ofinformation
A set of forms has been prepared on which the relevant data are entered, usualIy by a tick or a circle. Form I records diagnosis (including factors that affect resistance to infection), nature of operation, details about operating-room ventilation and aseptic practice (skin disinfection, clothing, gloves, etc.). Form 2 records inpatient progress following operation, with presence or absence of signs and symptoms associated with sepsis, and an assessment of its presence or absence in joints or wounds, with bacteria isolated; also radiographic appearances and details of treatment, including antibiotics and steroids. Form 3 records outpatient progress following operation, with the same kinds of data as those presented in Form 2. Form 4 records any further operations on the same site as the tirst operation, with clinical and bacteriological findings at operation, and radiographic appearances before operation. These four forms are used in both Sand SB centres. Form 5, which is used only in SB centres, is a bacteriological report; it gives details of total numbers of colonies, and the presence, sensitivity and type of Staph. aureus in wound washings, preoperative nasal and perineal swab reports from patients, and details about Staph. aureus isolated from noses of staff. Form 6 describes the type of ventilation system in ultraclean and control theatres, with a sketch plan. Form 7 records the performance of the ultraclean and control ventilation systems, as shown by counts of airborne bacteria during a selection of operations in ultraclean and control operating rooms with a few details of air velocities and flow patterns in empty operating rooms, as well as details of clothing worn by operating staff.
Progress of the trial
The trial started in 1975. It was planned that each hospital should continue admitting patients to the trial for up to 3 years, and each patient whose operation occurred within 2 years of the starting date of the trial was to be folIowed up for 2 years; those admitted later were to be followed up for shorter periods but none for less than one year. An analysis of published data showed that this would allow the great majority of the late infections to have occurred within the period of study. Figure I shows the cumulative numbers oftirst operations in the trial from hospitals in Great Britain, up to the end of 1977. This number (4160) is rather more than halfway towards the total which we aim to reach; if the Swedish hospitals are included, the numbers at the beginning of 1978are up to 4560. The last operation to be included will be about the end ofJuly 1979. We hope, therefore to be able to make a statement about the effect of ultraclean air on the incidence of infection early in 1981 ; it would be wrong to attempt to anticipate these findings by a premature report which could only be based on insufficient data.
However, we can already say something on two subjects: (I) the numbers of airborne bacteria in ultraclean and conventionally-ventilated operating rooms; and (2) the counts of bacteria isolated from wound washings in the two series. The first of these tells us whether the ultraclean systems are producing an effective reduction in airborne bacteria during operations, and how the different systems, with and without body-exhaust ventilated clothing, compare with each other. The second set of data, on wound-wash counts, comes a step nearer to telling us about the potential value of ultraclean air, as it gives some measure of the deposition of bacteria in wounds during operations under the two types of ventilation. Davidson and others (Davidson, Clark & Smith 1971 , Davidson, Smith & Smylie 1971 in Aberdeen have reported a correlation between the bacterial contamination of wounds at the end of operations and the risks of developing sepsis, and similar findings have been reported by American workers (National Academy ofSciencies 1964).
Airborne bacteria
Slit samplers with an extension 'snout' to draw air from the vicinity of the operating area have been used during a number of operations in both ultraclean and control operating rooms. Table I shows the mean numbers of airborne bacteria in such samplings, with details of the ultraclean system and of the type of clothing worn by the operating staff; in some of the ultraclean centres body-exhaust-ventilated clothing was used, and in the trial with the 'air curtain' system, the comparisons are between conventional and body-exhaust-ventilated operating clothes, because both groups in the trial had operations under the air curtain. From this it can be seen that all the ultraclean air systems caused a substantial reduction in the numbers of airborne bacteria and that this varied considerably with the different systems. The wearing of body-exhaust-ventilated clothing also made a significant difference. The Trexler isolator gave very effective protection against airborne contaminants.
Bacteria in washinqsfrom wounds as an index ofcontamination during operations
Wound washings were examined for numbers of bacteria and of Staphylococcus aureus, either by culture on a membrane filter through which washings were passed or by a pour plate technique. Table 2 shows some preliminary findings from 4 hospitals, from which it can be seen that higher counts appeared more commonly in patients who had operations in a conventionally-ventilated operating room than in those whose operations were performed in ultraclean air, and that the lowest counts appeared most commonly where ultraclean air was provided. Staph. aureus appeared rarely in washings from the control series and never in washings from the ultraclean series. Figure 2 shows an apparently quite good correlation between airborne bacterial counts and wound-wash counts from 7 hospitals. There are, however, four particularly discrepant results, all in control operating rooms with conventional ventilation two in which high airborne counts were associated with low wound-wash counts, and two others in which high airborne counts were associated with wound-wash counts considerably higher than expected.
Association between the numbers ofbacteria found in wound-washesand airborne bacterial Willits
It is tempting to suppose that a reduction in the numbers of bacteria in the air, corresponding to a reduction in the numbers found in the wound, must also be associated with a reduced incidence of sepsis, but this is not necessarily so. The organisms recovered by the wound washout technique may be unrelated to those which lead to sepsis. This might arise if the development of sepsis was due to particular species or strains of bacteria not distinguished by the study. Sepsis could also depend on bacteria reaching certain sites in the wound not sampled effectively. The incidence of sepsis may be so low that any differences are not detectable. In addition, deep infections, occurring many months or even years after the operation, may be due to haematogenous spread of bacteria, e.g. from the gut or the mouth, during transient bacteraemic episodes. The control of contamination of the wound at operation would obviously have no influence on infection acquired in this way.
Use of antibiotics Some surgeons have considered antibiotics, and especially antibiotics incorporated in the cement, to give the best chances of protection against sepsis in hip prosthesis operations. Buchholz, who introduced the use of antibiotic-loaded cement, has reported infection rates as low as or lower than those reported by Charnley, in a large series of operations in which gentamicin-loaded cement was used (Buchholz & Engelbrecht 1970) . Elson et al. (1977) have found bactericidal residues of gentamicin in cement removed from a patient's femur more than two years after insertion, so it might be possible to inhibit bacterial growth in contact with the implant over the period of risk. About two-thirds of the patients in our trial have antibiotic prophylaxis of one type or another, and some indication of its value may be forthcoming when we come to analyse the incidence of sepsis. The possible hazards of emergence of resistant bacteria and drug-sensitization of the patients must also be considered. It seems, however, that these questions, like the question of ultraclean air systems, can be answered properly only by a controlled trial designed and carried out for a specific purpose. FRCS, Dr 0 R Stephens and Dr I Sutherland. The material presented here has been assembled with the assistance of Miss Susan White of the MRC Statistical Research and Services Unit.
